have severe difficulty developing literacy skills and to reduce the cost of educating them (Askew, Fountas, Lyons, Pinnell, & Schmitt, 1998). Participating children are expected to develop the reading and writing strategies necessary to function within the average range of their respective classrooms.
RR students are identified for services based on teachers' recommendations and the students' performances on the Observation Survey of Early Literacy Achievement (Observation Survey), which assesses students in letter identification, word skills, print concepts, writing, Hearing and Recording Sounds in words, and Text Reading (Clay, 1993a) . Letter Identification involves presenting the child with a copy of upper and lower case letters. Responses are scored as "correct" if the child generates the name of the letter or an acceptable corresponding letter sound. Concepts About Print assesses the child's knowledge of print conventions, such as identifying the beginning and ending of a book, directionality, words as groups of letters, and punctuation marks. Words accurately read from a Dolch or high frequency word list are used in the Word Test to determine a child's sightword vocabulary. The Writing Vocabulary test requires the child to write all the words he/she knows, including proper names, in ten minutes. Spelling, reversals, and use of capital letters are considered in the scoring. The Hearing and Recording Sounds in Words test provides for a sentence to be read to the child, and the child slowly repeats the words and writes them. The test is scored on the basis of correct sound representation. Text Reading requires the child to read a selected text aloud while a teacher takes a running record by noting word omissions, repetitions, insertions, and self-corrections. Thus, determination of a level of reading accuracy is obtained. Usually, students who score at or below the 20th percentile on the survey at a particular school are provided the program (Pinnell, 1988) .
Students who are selected for assistance spend the first ten days "roaming around the known." This time is spent building trust with the student, clarifying what the child's strengths are, and sharing reading and writing (Pinnell, 1988) . Later in the program, a student learns to ". .. carry out operations to solve problems in the text, how to monitor his or her reading, how to check options, how to be an independent processor of print" (Clay, 1985 , p. 9).
Reading Recovery Meta-Analysis
The program routinely consists of between 12 to 20 weeks of tutorial lessons, depending on the child. Each one-half hour lesson begins with the student reading from familiar books and followed by the teacher taking a "running record" of the child's reading of the book that was introduced the day before. Following the independent reading, magnetic letters are used for work in letter identification. The student then writes a sentence or brief story, which is cut into pieces and reassembled by the student. Finally, a new book is introduced and read with teacher assistance (Clay, 1993b) .
Because the overall program goal is to increase participants' reading achievement levels so they can function in the average range of their classes, students are discontinued from the program when it is evident they can return to the classroom and continue to make progress in reading. This decision is a collaborative one, involving other teachers and a number of assessments and observations. Discontinuation is followed by a monitoring period of several years to assess adequate reading progress (Clay, 1993b) . Although it is anticipated that discontinued children will continue to read independently and make steady progress, program developers do not promise that children will not need additional reading help again during their schooling (Askew et al., 1998).
Research on Reading Recovery
Several studies designed to ascertain the effectiveness of RR have been conducted in the United States, but two are prominent due to their methodological rigor. In a study reported by Pinnell (1988) , 184 1st-grade students from the Columbus Public Schools who were within the lowest 20% achievement group for their classrooms participated in one of three groups: (a) the RR Program Class group (n = 96), which was taught by an RR teacher in their regular classroom and received individual daily RR instruction; (b) the RR Regular Class Group (n = 51), which was not taught by an RR teacher in their regular classroom but received individual RR; and (c) a comparison group (n = 37) who were not taught by an RR teacher regularly and who received an alternative compensatory skill-based and drill-oriented program taught by paraprofessionals. Children were randomly assigned to one of the classroom groups.
At the end of the school year, participants were administered all six Observation Survey subtests, an additional writing assessment, and the Vocabulary and Reading Comprehension subtests of the California Test of Basic Skills (CTBS). Discontinued RR students and those who received at least 60 lessons were included in the analyses. There were no significant mean differences on any dependent measure between the two RR groups. The RR Regular Class Group significantly outperformed comparison students on all Observation Survey tests except Letter Identification, and on the Writing Sample and CTBS Vocabulary exams. There were no differences on the Reading Comprehension Test. RR Program Class students significantly outperformed comparison students on the same five Observation Survey Measures, the Writing Sample, and both CTBS subtests.
Pinnell et al. (1994) compared RR to other interventions in one of the more methodologically sound RR studies to date. Within ten school districts with one RR site each, three schools were randomly assigned to deliver one of three alternative treatments (Reading Success, Direct Instruction Skills Plan, Reading and Writing Group). Ten low-performing students were randomly assigned at each school to receive the treatment or a comparison intervention consisting of the extant Chapter 1 services in the schools. Students were administered a battery of reading assessments, and for all but one assessment, the RR treatment had the largest effect sizes (comparing treatment to comparison students at each site), which ranged from .19 to 1.50. Rasinski (1995) identified three potential problems with the Pinnell et al. (1994) study, including the differential experience and training of teachers, instructional time, and the number of students instructed per period of time. He noted that RR instructors were trained in the method for one year and had about two years of experience teaching the method, whereas the training and practice of the instructors who delivered the three alternative methods was much shorter. He also noted that substitute teachers disproportionately comprised the roster of teachers who taught the Reading Success model. In terms of instructional time, Rasinski argued that RR students received more minutes of instruction than students who received one of the other three methods, and that RR instructors on average exceeded the allotted instructional time. Finally, Rasinski questioned the cost effectiveness of RR by pointing out that, according to his calculations, RR was about four times more expensive than group instruction, but not four times more effective in terms of student outcomes.
In a response to Rasinski (1995 Undoubtedly many studies on RR have not been designed to isolate accurately the impact of the program on participating students' reading skills. The rather low quality of research on RR has made it difficult to render a conclusive decision regarding program effectiveness. But because prior RR reviews selectively omitted many ostensibly "low-quality" studies, it also remains unclear if higher quality studies taken together are representative of all available findings. As Glass, McGaw, and Smith (1981) argued, proper meta-analytic procedures do not prejudge the quality of studies for selection purposes. "The influence of study quality on findings should be regarded as an empirical a posteriori question, not an a priori matter of opinion or judgment used to exclude large numbers of studies from consideration," (Glass, et al., 1981, p. 22) .
In an attempt to provide a more comprehensive evaluation of RR in U.S. schools, we used metaanalytic procedures that allowed us to include many studies that were not considered in past reviews of the program. Several of these studies provided RR students' pretest or posttest scores only. Following Glass et al.'s (1981) recommendation, we conducted separate analyses of (a) all extant studies regardless of apparent quality; and (b) only those studies that utilized more rigorous designs. The results from these two approaches were compared to assess if study quality influenced the overall conclusions regarding RR impact. Based on prior concerns of studies related to the program and on an overall goal of ascertaining the effect of RR, we addressed four main research questions:
1. Were RR students' pretest achievement levels significantly different from those of lowachieving comparison students?
2. What were the posttest differences between RR students and low-achieving or regular students, especially after controlling for pretest status?
3. Did these posttest differences vary across outcome measures (e.g., Observation Survey versus Standardized Achievement tests)?
4. What were the differences on Standardized Achievement Tests between RR students and low-achieving and regular students at 2nd-grade follow-up?
The first research question was important to address due to the concern that RR students' achievement levels differed initially from comparison students and that observed gains in favor of RR students primarily were a result of regression effects. Unfortunately, very few prior studies were based on covariate analyses in which pretest group differences were corrected. Thus, it was not possible to conduct an inclusive meta-analysis in which posttest effects were adjusted for initial group differences. The purpose of Analyses II was to include only those studies with pretest and posttest scores of treatment and comparison students to ascertain if RR students outperformed non-RR students after considering pretest standing. In a sense, the purpose of Analyses I was to describe the extant evaluation data on RR.
Method
We conducted a comprehensive search of the literature utilizing ERIC, PsycInfo, and Dissertation Abstracts databases. Additionally, we searched extensively through the footnotes and reference lists of identified manuscripts to locate additional studies, and we made a concerted effort to locate unpublished documents. We collected and evaluated for potential inclusion 109 studies. In order to be deemed usable in the analyses, studies had to meet the following criteria: * Evidence of treatment fidelity was provided (students received RR instruction alone); * Number of students in treatment and/or comparison groups was included; * Pretest or posttest scores were available; * Data were not duplicated from another study; * Studies were conducted in actual United States schools; * Data provided were adequate to compute effect sizes; * A reading-skill outcome measure was specified.
Of the 109 studies, 36 met the criteria for inclusion and were coded for analysis. Table 1 provides descriptive information of the final studies. Of the 73 studies that were excluded, 48 (69%) provided data that were not amenable to effect size computations. For instance, several studies reported the proportion of students who were successfully discontinued from the program in lieu of test scores. Twelve studies (17%) were removed because the samples under investigation were outside the Unites States, special education only, or taught in a language other than English. Studies of hybrid or modified programs that contained or resembled RR also were omitted, mainly because their inclusion likely would have increased the presence of irrelevant variance. Nine studies (13%) were rejected for this reason. One study (1%) was removed because it reported data from a study already included in the analyses.
From these studies, 1,379 effect sizes were computed across outcome type (standardized achievement test and the six Observation Survey Measures), comparison-group type (similar needy or "regular" students), treatment-group type (discontinued, not-discontinued, and all students combined), and test time (i.e., pre, post, or 2nd-grade follow up). Not all of the 36 final documents reported pretest and posttest scores for treatment and comparison groups. For any given outcome, there were less than ten studies that provided such information. For Analyses I, we compiled the information from all 36 studies in an attempt to provide the most comprehensive description of evaluation Our data set did not contain a sufficient number of studies that provided comparison-group means and standard deviations for Standardized Achievement Tests. All of the treatment-group means and standard deviations were reported in normal-curve-equivalent (NCE) units. We used the standardized achievement reading test scores from 1st-and 2nd-grade students who had participated in the Prospects study, which was the national evaluation of federal Title I conducted during the early 1990s (see Jones, Lewandowski, & Wall, 1994 for an overview of the Prospects data). Prospects tracked three grade cohorts for multiple school years. A 1st-grade cohort was administered the CTBS in the fall and spring of first grade, and the following two springs when the students were in the second and third grades. Over 13,000 students (Title I and non-Title I eligible) from about 300 sampled schools participated. Sample weights provided with the data set made it possible to generate national population parameters. To create population values for a similar needy comparison group, we selected the first grade fall NCE Reading Total scores of all students who were at or below the twentieth percentile (hypothetically, the students who would be eligible for RR) and who did not receive RR. These students' spring lstgrade and spring 2nd-grade test scores were used to compute posttest and 2nd-grade follow-up population values. The fall and spring lst-grade, and spring 2nd-grade Reading Total NCE scores of students above the 20th percentile on the fall test were used to create pretest, posttest, and 2nd-grade follow-up population values for a "regular" student comparison group.
With these population values by outcome, comparison-group type, and test time, we computed effect sizes for all treatment-group means available in our data set. Effect sizes were computed separately for three treatment groups (discontinued, not-discontinued, and all RR students combined). We followed procedures outlined by Rosenthal (1994) and Shadish and Haddock (1994) , and performed by Borman and D'Agostino (1996). For two reasons we decided to treat the analyses as following a fixed effects model, which is predicated on the assumption that effect sizes estimate one average population parameter, and that estimate deviation primarily is due to sampling error. First, RR is a highly structured program that attempts to be quite uniform across program sites. Albeit some variation in program implementation and teacher quality likely existed across sites, teachers must receive rather rigorous preparation to become RR instructors, and the overall quality control in program delivery is relatively high. Second, although a homogeneity of variance test based on all effect sizes was significant, considerable effect size variation was found across outcomes, treatment groups (discontinued, not-discontinued, and combined), and comparison groups. Thus, we decided to disaggregate the analyses by these factors to better elucidate potential programmatic effects. Once disaggregated, most variance homogeneity tests within cells were not significant, revealing that a fixed effects model was appropriate.
We computed effect sizes using the formula, n[ 2nt where n/was the treatment sample size for the ith study.
Analyses II The second phase of analyses included only those studies that contained both a comparison group and pretest and posttest scores for all participants. A small fraction of these studies provided data from randomly assigned groups. For the 11 available studies, we computed separate effect sizes for pretest and posttest data using the conventional standardized mean difference formula,
Ml = MC
Si where M iwas the treatment mean, MF was the comparison mean, and si was the pooled standard deviation of the ith study. The conditional variance of Ti was, n+ + n T2 n/n 2(nt +n)'
where ni and ni were the treatment and comparison sample sizes, respectively. Weights were computed using the formula described under Analyses I. where | TX represented the absolute value of the overall weighted average effect size and v. was the combined conditional variance across studies, computed as,
Results
Based on the normal distribution, Z values that exceeded 1.96 revealed that the overall weighted effect size for a given distribution was significantly different from zero.
As can be seen from Table 2 , all Z values were greater than 1.96, indicating that all weighted average effect sizes were statistically significant. Overall, there were more studies with posttest data, revealing that pretests were not included in many studies. Furthermore, we could not compute 2nd-grade follow-up effect sizes for Observation Survey Measures due to a lack of available data needed to generate comparison-group population parameters. It also can be seen from Table 2 that across all outcomes and groups pretest effect sizes were negative, indicating that RR students scored lower than comparison-group students initially. The effect sizes for not-discontinued students were consistently more negative compared to the effect sizes for those students who were eventually discontinued from the program.
The posttest weighted average effect sizes varied in size and direction. On posttest standardized achievement measures, discontinued students At 2nd-grade follow-up, discontinued and all treatment students combined outperformed their similar needy peers on Standardized Achievement Tests. Not-discontinued students alone also outperformed their similar needy peers, but the weighted average effect size was rather small (.07) and based on three studies. All treatment-group types, however, scored at least one standard deviation unit below "regular" students at 2nd-grade follow-up.
Pretest and posttest weighted effect sizes, sample sizes, and Z values of Analyses II data are presented in Table 3 , which are presented for comparative purposes with Analyses I results. Due to the small number of studies included in Analyses II, it was not possible to disaggregate the data for not-discontinued students, nor was it possible to compare RR and regular comparison-group students' outcomes. In general the Analyses I and II results were rather consistent with some exceptions. Pretest standardized achievement weighted effect sizes for discontinued and all students (discontinued and not-discontinued combined) revealed that RR students scored slightly higher than comparison students before program implementation (0.16 in both cases). On posttest, the effect size for RR discontinued students grew to 0.27, but the gap for all students combined changed less (.20). In comparing the Observation survey pretest scores from Tables 2 and 3, it is evident that RR students had more similar pretest scores to comparison students in Analyses II studies than when all studies were combined (Analyses I). In five of six cases, however, RR discontinued students apparently scored lower than comparison students on pretest, albeit in only one of these cases (Writing Vocabulary) was the difference significant. In three of six cases, RR all 32 combined students scored higher on pretest than comparison students, but the difference is significant in only one case (Letter Identification). For two Observation Survey Measures, the pretest difference for all combined students was very close to zero, and for Text Reading Level, all combined students scored significantly lower than comparison students on pretest. Thus, although more rigorously designed RR studies alone produced pretest effects closer to zero compared to all studies taken together, group equivalence was not established across all measures in the more rigorous studies.
It can also be seen from Table 3 that for all Observation Survey Measures, discontinued RR students outperformed their peers on posttest. The largest apparent differences were for Writing Vocabulary, Hearing and Recording Sounds in Words, Text Reading Level, and Concepts about Print. Indeed, on most of those measures the gap from pretest to posttest was over one standard deviation unit. The pretest to posttest effect size changes for all students combined indicated that RR students gained more than their peers on all Observation Survey Measures, but the effects were less sizable overall than for discontinued students. Compared to regular comparison students, discontinued RR students scored significantly lower on the Writing Vocabulary pretest but comparably on the posttest, yet on Dictation, discontinued students made less pre-post gain than their more advantaged peers.
Though there were fewer and smaller pretest differences across outcomes in Analyses II compared to Analyses I, posttest effects could not be interpreted verbatim due to initial pretest differences. To control for any pretest group differences, we decided to conduct weighted metaregression analyses using the mean posttest scores as outcomes, and mean pretest scores and a dummy variable (0 = low-achieving comparison group, 1 = treatment group) as potential predictors. Group degrees of freedom were used as weights, and the regressions were conducted by outcome and treatment type on Analyses II data only. The weighted regression results are presented in Table 4 . Notice that in all cases except one, which was for all RR students combined on standardized achievement tests, RR students outperformed their similarly low-achieving peers on posttest after controlling for initial pretest standing. 
Discussion
The debate regarding RR's overall effectiveness has continued due to the paucity of rigorously conducted studies on the program. It was our intent to synthesize the results of as many studies as possible to answer certain summative questions about RR. By developing normreferenced means and standard deviations for two distinct comparison groups, we were able to assess discontinued and non-discontinued RR students' test scores on multiple measures and at multiple time points.
Some of the results corroborated certain conclusions drawn by RR reviews, while other findings revealed effects that had not been detected in the past, or that were discordant with certain conventional beliefs held about the program. Past RR reviewers (e.g., Shanahan Barr, 1995) questioned if apparent program effects primarily were due to regression artifacts. Thus, we set out to discover if RR students tended to have lower pretest scores than comparison students. In our less selective compilation of outcome data, Analyses I, we found that all pretest effect sizes were negative and significantly different from zero, indicating that RR students (discontinued, not-discontinued, and combined) indeed scored significantly lower on all pretest measures than low-achieving and regular students. Thus, one cannot rule out that at least some of the observed RR effects have been the result of a selection by regression artifact. Given that a fundamental goal of RR is to serve students the most in need, many studies on RR failed to construct equivalent comparison groups. But our most central research question pertained to whether or not RR students posted higher posttest scores on various reading measures than other students, and if RR could be attributed to potential test score differences. We could not rely solely on Analyses I results given the likely non-34 comparability of treatment and comparison groups across all included studies. The results of a small subset of more tightly-controlled studies were selected for Analyses II to better isolate possible RR effects. Combining the results from those select studies, RR students did not score significantly lower on pretest except in a few cases, and after controlling for initial status, RR students had larger posttest scores on all measures except standardized achievement tests when all RR students were included as treatment participants. As expected, program effects were most pronounced for Observation Survey Measures, but were also substantial on standardized achievement tests for those students who were successfully discontinued from the program. Therefore, we conclude that a selection by regression artifact likely was not the sole reason for past observed RR effects. Linn (1980) determined, furthermore, that regression accounted for about ten percent of a student's pre-post gain in early primary grades. By reviewing the differences in mag-nitude between pretest and posttest effect sizes found in either Tables 2 or 3, it is evident that reducing ten percent of the apparent pre-post gain would not diminish the majority of differences reported in the table.
Analyses II results allowed for test-score comparisons between RR and similar needy students. But did RR students reach achievement levels comparable to their more average-achieving classmates? It was not possible to address this question with an acceptable degree of confidence given that very few rigorous studies included such students for comparative purposes. Thus, we had to rely on Analyses I results to speculate on the overall normative posttest achievement levels of RR students. On all six Observation Survey Measures, RR students, both discontinued and non-discontinued, appeared to have larger pre-post differences than similar needy students. RR discontinued students also appeared to have larger pre-post differences than regular students on these measures, and in some cases, so did RR non-discontinued students. Indeed, discontinued students not only reached the same achievement levels as regular students, they surpassed them on the Writing Vocabulary, Hearing and Recording Sounds in Words, and Text Reading Level tasks. On these rather divergent measures, it seems that RR was reaching its fundamental goal of increasing the lowest performing first graders' reading and writing skills to levels comparable with their classroom peers. Yet these exams are tailored to the RR curriculum, which made it imperative to examine if RR effects generalized to outcomes external to the program.
Compared to regular students, discontinued students scored significantly lower on external achievement tests, yet they appeared to close the pre-post gap. RR participants who were not discontinued, however, did not appear to gain on regular students. Apparently RR fostered broad reading skill development (as measured by standardized achievement tests) only for those students who were successfully discontinued from the program. This finding was corroborated by the regression results from Analyses II-when all RR students were combined, there were no adjusted posttest differences compared to students who had initially low reading levels.
Our final question related to the sustainability of RR effects beyond first grade. As mentioned, there are no promises that RR participants will remain within the average classroom range without further intense intervention. Some studies, however, tracked students to the second grade, so it was of interest to explore longer-term effects beyond first grade. Again, too few rigorouslycontrolled studies included second-grade followup test scores, so we had to rely on Analyses I data to examine the sustainability of RR effects. Compared to similar needy students, discontinued students actually widened the gap from posttest to second-grade follow-up on standardized achievement tests, and they closed the gap at followup with regular students. At follow-up, the notdiscontinued students surpassed the low achievers on standardized tests. In sum, the results seem to indicate a lasting program effect, at least by the end of second grade, on broad reading skills.
Though it has been stated that RR cannot guarantee maintained student progress (Askew et al., 1998), some, such as Campbell and Ramey (1994) , argued that at risk students are serviced best by interventions that continue additional literacy instruction. Pressley, Wharton-McDonald, and Hampston (1998) claimed that students who are at risk present a chronic rather than acute problem, and thus, interventions should necessarily be maintained beyond the initial year. But it remains debatable if an intense tutorial program for first grade students should shoulder the burden for continued intervention across school years. Other interventions designed for older students quite possibly can be offered to chronically lowperforming students to maintain their progress. Hence, it might be unrealistic to expect RR students to remain at average classroom achievement levels beyond first or second grade without additional services.
Even though pretest effects from more rigorous studies (Analyses II) were not statistically significant over an array of outcomes, most Analyses II studies were not based on complete randomization of students to groups. We located only one study performed in the United States (Pinnell, 1988) based on a true experimental design. Compiling the results of many weak studies does not filter out methodological flaws and yield a definitive set of findings. Additional experiments of RR are needed to more accurately study program effects. In our study, nonetheless, we did not find large discrepancies in results between the less and more selective analyses. To date, the bulk of available evidence indicated that RR has had positive effects on participating students across outcomes designed for the program and external to it, and that results of more rigorously designed studies seemed to converge with this conclusion.
